Abstract-Tropical soils have low fertility and chemical fertilizers are not affordable for most of the farmers, especially in West Africa. The development of low cost technologies for amending agricultural soils in this environment is needed. Biological and organic fertilizers were tested in 20 farmers' fields in central Benin for rainfed rice production on acidic plinthosol under monomodal rainfall pattern conditions. Short time matured cowpea and native grass fallow were preceding NERICA1 and Ina Okpè rice cultivars that are interspecific (Oryza glaberrima × Oryza sativa) and local varieties respectively. Cowpea and bush residues were incorporated into soil before rice seeding. Soil nutrients (C,N,K, Ca and Zn) contents were significantly depleted whereas null balance was observed for soil available-P content. An increased of soil content in Fe (>130 mg kg -1 ) was significantly observed in all the treatments. Highest yield of 1.6 t ha -1 was recorded in the treatment composed of cowpea and NERICA1. The study technology was deemed suitable in deficient-P acid soil whereas the land foot slope position was excluded to avoid potential increasing of Fe content (iron toxicity of rice) in soil of the subsequent lowland. Minimum chemical fertilizer was required for improving rainfed rice cultivation on plinthosol in monomodal rainfall pattern ecology.
Introduction
Soil nutrients depletion is among the major threats of crop production in Africa. In West Africa, because of land-use intensification and limited use of nutrient inputs, the fragile upland rice production systems contributing to a third of the total rice production, are experiencing intense soil degradation, nutrient depletion and low rice productivity [6] . Thus, rice yields in the upland production systems are seldom above 1 t ha -1 despite the reported potential yield of up to 4 t ha -1 [20] . A number of solutions have been proposed to address this declining of productivity.
Becker and Johnson [4, 5] reported that the use of N2-fixing legumes including Mucuna spp., Stylosanthes guianensis, Canavalia ensiformis grown as preceding fallow cover crops increased upland rice productivity and suppressed weed growth under intensified land use in Côte d'Ivoire (West Africa). But this technology was not widely adopted by farmers. Farmers in West Africa are often reluctant to adopt legume cover crops that are not for human consumption or without a direct economic gain, in spite of the benefits for restoring soil fertility [31] . However, the grain legumes are infinitely more adoptable when integrated into cereal-based systems [25] for household food security and cash income. Somado, et al. [27] proposed the combined use of legume cover crops and sparinglysoluble indigenous phosphate rock as a low-cost technology to increase the supply of both N and P and enhance upland rice productivity on acid soils in Côte d'Ivoire (West Africa). However, phosphate rock has a limited availability in West african countries meanwhile, grain legume crops can fix atmospheric-N2 and their residues can also enrich soil in nutrient by 38.9 g N kg -1 , 4 g P kg -1 , and 21 g K kg -1 only from the leaf dry matter as observed for cowpea [1] . Therefore, legume as preceding crop to upland rice and organic source of nutrients after incorporation can improve soil fertility and upland rice yield. However, unlike the maize-based systems, the contribution of cowpea to upland rice-based systems has not been extensively studied in West Africa [21] .
Yet, the occurrence of NERICAs (New Rice for Africa), the interspecific rice varieties released by Africa Rice Center can be more adapted to such practice of fertility strategy. In fact, interspecifics were known to be low-management rice type, adequate for resource-limited small holder [10, 16] .
The actual study was initiated in Benin for the cropping of NERI-CA1 and a traditional cultivar after cowpea cropping and the growth of native grass fallow. The objective was to identify the effects of cowpea growth and its residues on soil fertility and rice yield in legume-rice based system without chemical fertilizer compared to native bush effects.
Material and Methods

Experiment Site
On-farm experiments were conducted in farmers' field and by farmers in the area of Glazoué, a mountainous area in the Centre Benin (West Africa). It is a Guinea savanna zone characterized by a degraded wood savanna. The rainfall pattern was monomodal with an annual average of 918.9 mm in 2001 and 1089.9 mm in 2002. Ten farmers were concerned in each selected site [Dassa-(7°45'00"N, 2°11'00"E) and Glazoué-(7°58'25"N, 2°14'24"E)]. The bed rock was granite gneiss with a plinthosol as dominant soil of the plateau. It was a sandy loamly soil, acidic and poor in organic carbone, total nitrogen and available P in the 0-20 cm depth. But, it has a suitable content of Ca, Mg and K [ Herbaceous cultivar of cowpea (Vigna unguiculata (L) Wap. unguiculata) locally named "tontouin" were used by all the farmers. It is a short duration matured cultivar of 65-70 days cycle. Every year, early in April, 2 plots of 5 m × 10 m were choose randomly in farmers' field for cowpea cropping. After manual cleaning and tillage, the cowpea was sown per hill of 2 grains in dimensions of 30 cm × 60 cm. The hand weeding was applied at 21 and 45 days after emergency. At maturity, the cowpea was harvested and plant residues were left in the field, sundried during a week and incorporated to the soil during the tillage operation for rice seeding. In the meantime, two other plots of 5 m × 10 m occupied exclusively by bush (dominated by Rottboellia cochinchinensis, Digitaria horizontalis, Ageratum conyzoides and Tridax procumbens, Imperata cylindica, cyperus spp) were cleaned and the native grass residues were also incorporated into the soil.
Rice Plots
Early in June of every year of experiment, cowpea and grass residues were incorporated in the soil of their respective growing plots of 5 m × 10 m dimensions. A completely randomized blocks design was applied using a local rice variety named Ina Okpè (V1) and NERICA 1 (V2) rice variety. Each rice variety was sown in a plot previously occupied by legume and bush fallow. Rice was sown at 3 grains per hill spaced by 20 cm × 20 cm ten days after residues incorporation. Hand weeding was applied at 21 and 45 days after emergency. At maturity, the rice was harvested, sundried before threshing. The grain yield was calculated for standard moisture content of 14%.
Studied Treatments
Two cropping systems were considered including rotation of cowpea-rice (Syst-1) and bush-rice (Syst-2) within the same cropping season. Two cultivars named Ina Okpè and NERICA1 were respectively noted V1 and V2 for the experiment. Therefore, four treatments were defined as T1 (Syst-1 + V1), T2 (Syst-1 + V2), T3 (Syst-2 + V1) and T4 (Syst-2 +V2).
Soil Sampling and Laboratory Analysis
Soil samples were taken in 0-20 cm depth of soil in each corner and the center of treatment plots (T1, T2, T3 and T4). The five samples were mixed before taking for a composite sample of soil in a given treatment before the experiment in 2001. A sample was taken from each treatment plot in all the location of experiment. Similar operations were done in 2002 before the second experiment. The composite samples were dried, ground and sieved (2mm) before the laboratory analysis was carried out. Soil pHwater (1: 2.5) and soil contents in Carbone-C (Wakley and Black), total nitrogen-N (Kjeldahl), P (Bray I), K, Ca, Mg and Zn (1 N NH4OAc (pH 7.0)) were determined as described by American Society of Agronomy-ASA and Soil Sciences Society of America-SSSA [22] .
Statistical Analysis
By descriptive statistic, mean value of soil nutrient contents, the minimum and maximum values as well as the standard deviation were determined Analysis of variances was use to determine mean values of rice grain yield for each cultivar (V1 and V2) in a given cropping system (Syst-1 and Syst-2) and for each treatment (T1, T2, T3 and T4).
Pearson correlation was performed to evaluate the relationship between nutrients and rice grain yield. These analysis were done for α = 0.05 with SAS software.
Results
Soil Status
[ nutrient content at α = 0.05. Nevertheless, treatment effect could be observed on organic C content in soil at α = 0.10 (P = 0.08). More organic C content was noticed for T4 than T1 and T3 at this significant level. But, the difference observed between T2 and T4 was not significant at all. [ Fig-1 ] shows the grain yield harvested for both rice cultivars in the two cropping systems including cowpea (Syst-1) and native grass (Syst-2) as precedent of rice respectively. In Syst-1 and Syst-2, rice grain yields were significantly higher for V2 (NERICA 1) than V1 (Ina Okpè). Moreover, the yields observed in Syst-2 were lower than those in Syst-1. This result was confirmed by [ Fig-2 ] showing significantly (P= 0.002) higher average rice grain yield for Syst-1 (1.41 t ha -1 ). 
Discussions Cropping System Effects in the Soil
Exclusive application of organic matter as fertilizer should be considered according to soil chemical status. Infact, nutrients released by organic matter can be slow depending on temperature, oxygen supply, soil moisture, hydrogen ion concentration and inorganic nutrient contents, C/N ratio of the mulched organic matter [19] . This situation can impaired crop nutrition because of delay in nutrients supplying. Therefore, inherent fertility level of soil is an essential contribution for the success of this technology. Moreover, crop response to exclusive organic fertilizer was known to be far below the satisfaction level required to meet word food need [14] . Thus, it is required a minimum chemical fertilizer in association with organic matter for well amendment of agricultural soil. Minimum N and P were also required for cowpea growing and biological N2 fixation in soil [2, 24] in order to improve yield and biological amendment of soil. Therefore, the use of cowpea as preceding crop to rice without fertilizer on a poor soil in N and P could not affect significantly nutrients balance in a positive way as observed in the soil of actual study. Consequently, soil nutrient contents were depleted after rice cropping in 2001, especially, for soil C content [ Table-2 ]. In addition to the low organic matter production by cowpea [8] , there is a loss of about 78% of initial cowpea C from the incorporation period to the end of the rainy season [12] . This can explain the restriction of soil organic C builds up in our study. The treatment including native grass incorporation and NERICA1 has the highest C content, probably, because of a low mineralization rate of this organic matter.
From 2001 to 2002, there was a possibility of P release up to 7.57 mg kg -1 according to the null value of P balance in the soil of all the treatments. Therefore, the incorporation of vegetal residue as cowpea or native grass can supply sufficient P to soil for rainfed rice production but cannot restore the fertility of soil. In fact, it has been reported that legumes incorporation can improve bioavailability of sparingly soluble soil P [30] and organic matter did so for native P in soil [28] . Thus we conclude that the incorporation of cowpea or native grass residues can prevent from P content depletion in acid soil. The effect native grass of P as observed in actual study is an essential finding that can help in management of agricultural land in tropical zone where P-deficient in acid soil in among the major limiting factors [18] .
In all the studied treatments, decreasing of Ca and Zn contents were observed after rice growing in 200, but Fe contents were increased. This results as two implications: incorporation of plant residues i) can help to correct Fe-deficient occurring in upland rice as chlorosis (rain-induced scorching), ii) increasing soil Fe content in upland can provoke contamination of lowland throughout runoff creating iron toxicity that is also a serious threat of rice [11] . From this analysis, we assert that the studied technology should be recommended for foot slope ecology because to limit the possible enrichment of subsequent lowland soil in Fe.
Adoption of Biological and Organic Fertilization in Rice-based Systems
Cowpea as preceding crop of rice has induced highest grain yield compared to the grass fallow in a proportion of 16%. Although this result is highly significant, the output of such study should depend on the nature of spontaneous, because of the variability of plant residue content in nutrients as describe by Tian [29] . Infact, some species like Chromolaena Odorata was known to have excellent effects on most of rice growth parameters and yield when their residues were incorporated into soil [17] . However, most of the grass growing cycle occupied all the cropping season, hampering a second cropping within the same land. The growth and incorporation of legume crops are therefore recommended as green manure in ranfed area for subsequent crops [3, 23] as they can grow within a short time. Variance of actual result can also be observed depending on cowpea cultivar abilities for well nodulation [13] and their maturity cycle (biomass production). Indeed, Schulz, et al. [26] showed that aboveground residue dry matter increases with the maturity class of the cowpea. In the studied ecology where the raining season occurred from April to October, the cowpea should be early matured cultivar (70 days) to ensure the subsequent rice cropping during 70-90 days. In such conditions, Dakora, et al. [9] suggested a rapid incorporation of cowpea residues before rice sowing in order to improve the suitability of this technology. However, the rice grain yield of 1.6 t ha -1 induced by cowpea as previous crop is closed to the yield observed under the use of chemical fertilizers in South Benin on Acrisol while, about 3 tha -1 were harvested in the Centre Benin on Ferralsol Ferric [15] . Therefore, the use of cowpea as preceding crop in rice-base systems is more relevant to the ecological zone as South Benin where the technology will not induce a yield gap. The actual study revealed that interspecific upland rice as NERICA1 can be use successfully for this.
To enhance rice production in the Centre Benin by this technology, it should be recommended the application of minimum chemical fertilizer in order to improve N fixation ability et dry matter production of cowpea. In fact, the low fertility of the studied soil could affect these parameters [7] reducing the benefit to the subsequent rice.
Conclusion
The study has revealed the interspecific cultivar-NERICA1 as more relevant for bio-and organic fertilizer on acidic plinthosol. The use of grain legume as preceding crop and organic source of nutrients was better than grass fallow practice. However, the thechnology has low benefit to soil and induced rice yield was limited as much as on Acrisol in bimodal rainfall ecology.
Because of the increased of soil content in Fe and the yield observed, this technology was recommended for bimodal rainfall excluding the soil on foot slope to avoid potential iron toxicity of rice in the subsequent lowland.
Applying minimum chemical fertilizer to cowpea was recommended for improving the impact of the technology for soil and rice yield in plinthosol under monomodal rainfall ecology.
